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'-316  Porformonors  Toatlrux  of  bho  519R1  Meohonlonl 
~ Smoko  Gonorator 


K.  Sinai nir  and  R.M.K.  3tubjba 


UUMM/JW 


Dounilo  of  tilio  tontu  of  olTlolonqy  of  tha  E! 9R1  llnohanioal  Smoko 
Oonj-  ’;or  no  aoiipnvod  with  tho  Gonorafcor,  Smolca,  Itoolmntoal,  M.1.  for 
oori  > viowod  horinonlbvlly,  i.vu  roportod  in  P.T.l?.  336.  Trlaln  oarrlad 
out  do tormina  fchu  rulntlvo  off  toloiio/  of  tho  III 9211  Gonorntor  when 

th*  .'ocitui  prodwaoil  t.»*o  v to'.vid  f mMjiojjj  g.  ohow  that  tho  HI  Dili 

Goi  .tor  uoinij  G.P,  Ton  Oil  ,;ivuo  n aoroon  vvhtoh  In  about  6?>  of  that 
gi^..  by  tho  13,1,  Guiiw»\Uo»>  nob*;,  tho  name  amount  of  Peg  Oil.  nnd  that 
tho  ratio  fullu  to  about  'j6.a  if  fool  Oioaoi  Oil  io  Quyleyod  in  tho 
El  9111  Gonorator. 
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Head , Kn;;lnaorlng  Soot  Ion, 
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Supfc. , Dovolopmcnt  Division. 
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Iho  Porformoncc  Testing  of  tho  E19R1  ifcohanloal 
Smoko  Generator  ”* 


K.  Sinclair  and  R.B.E.  Stubbs 


I.  Introduction 

Do tail a of  the  horizontal  screening  lengths  produced  by  the 
Amorlonn  El  9R1  Moohonioal  Smoko  Generator  and  of  tho  offioienoy  of 
this  gonorator  when  compared  with  the  Generator,  Smoko , Moohonioal 
H.1,  aro  roportod  In  P.T.P.  33^»  'll1®  results  of  trials  oarried 

out  to  dotormino  the  relative  officioncy  and  tho  length  of  tho 
aoroona  produced  by  the  E19R1  Generator,  whon  such  aoreona  are 
viewed  from  tho  air,  aro  reported  horoin. 

II  Proeoduro 

Pour  trials  woro  oarried  out  with  oooh  of  tho  following  smoke- 
producing  oilsi- 

(n)  General  POiposo  Fog  Oil  (to  C.S*  2 809 A) 

(b)  Pool  Diouul  Oil  ( Pool  21,  Diosol  Fuel,  45  Qotnno) 

In  all  testa  tho  M.1  Generator  vs-n  oporatod  on  General  Purpose 
Peg  Oil,  ita  output  being  adjusted  (as  far  as  possiblo)  so  that 
tho  n croons  produced  by  both  i'onorr.tors  v/oro  of  a oomp arable  length. 

For  oaoh  amako  omission  tho  gonorr.tors  vrore  funotionod  simultaneously 
for  a period  of  45  minutes  over  tho  layout  shown  in  Fig*  1. 

Observations  on  tho  lengths  of  tho  uoroonu  woro  mado  from  a helicopter 
flying  at  a height  of  about  1000  foot,  bo fcv/oon  20  and  30,  observations 
bolng  made  during  oaoh  omission.  Trials  1 A,3A,4A  end  8A  wore  observed 
by  one  observer  (DJH)  and  tho  remaining  four  trials  by  a second  observer 
(GEL) 

III,  Moohanlcql  Performance 

Ihe  E19R1  Gcnorator  porfomod  satisfactorily  throughout  the  tests, 
\/ith  tho  oxcoption  of  petal  valve  failures  at  tho  co.nnonoonont  and 
termination  of  Toot  ifo.  1A.  Dio  porformnoe  of  the  M.1  Generator  was 
satisfactory  for  Teats  Nou.  1 />  to  6A,  Hiring  Teats  Nos.  7a  and  8A, 
however,  tho  efficiency  of  tho  M.1.  Generator  foil  to  7&/o  H,due  to  an 
accumulation  of  rust  find  disintegrated  lagging  in  the  furnace  chamber, 
which  only  become  apparent  when  tho  Generator  was  oxnnlnod  at  tho 
conclusion  of  Tbst.  No.  0a. 


The  acroening  length  reduced  to  st-uidord  conditions  was  found  to  have 
fallen  fra-.  550  yrds  to  430  yards. 
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IV . Rasul ts 


Details  of  the  amcke-oil  used,  the  rate  of  consumption  of  oil, 

-the  relevant  meteorological  observations  and  the  length  of  the  screen 
produced  in  eao’’-  test, ore  recorded  in  Appendix  A. 

Deacon  has  shown  in  Hi  2734»  para.  56,  that  for  white  oil  smokes 
over  land  the  horizontal  screening  length.  SL,  I3  given  by  the 
expression, 

err  a \ “0.6  . 4*0  0,4- 

SL  a (Q)  u (R-l)  d 

where  Q = source  strength 

u = 2 metre  wind  speed 

R s.  ratio  of  2 metre  to  1 metre  wind  spaed, 
d = distanco  of  3noke  from  the  observer 

Bie  formula  used  for  reducing  the  vertioal  soreening  length  to  standard 
conditions  in  this  series  of  trials  was 

,,  . . 0.6  -0.6  4-.0 
SL  a (Q)  u (R-l) 

Binoe  from  a study  of  the  screening  lengths  produced  by  the  24,1. 

(&.P.  Fog  Oil  in  every  oase)  this  formula  gave  a better  measure  of 
agreement  than  othor  values  of  the  indices.  It  will  be  observed  that 
this  formula  is  identical  with  that  used  for  the  horizontal  assessments 
except  that  no  aorrection  is  made  for  "drt,  the  viewing  distance. 

For  trials  with  G.P.  Fog  Oil  in  both  Generators  the  standard 
soreening  lengths  SL3>  have  beon  oalculated  for  Qs  = 4-,  7 lb/min. (the 
mean  cons unp t ion  race  of  oil  lu  the  E13R1  C2cr.crc.tcr  for  trials  1A,6A,?A 
and  8A).  For  trials  with  Diesel  Oil  in  the  E19R1  Generator  and  G.P*  Fog 
Oil  in  the  U.1,  Generator,  a Qg  = 5*8  lb. /min.  (the  mean  consul  Irion 
rate  of  oil  in  the  E19R1  Generator  for  trials  2A,3A,4A  ahd  5A)  has 
"been  used,  The  other  standards  used  throughout  the  calculations  were : - 
Ua  a 10  m.p.h. , and  Rg  = 1,14~  The  value  of  R in  all  oases  has  been 
calculated  from  the  2 metre  wind  spaed  and  the  23  ft  - 4-  ft  temperature 
gradient  (P.R,  2572  and  P.R.  2717)  Bio  standard  soreening  lengths  and 
relative  efficiencies , so  calculated,  ore  recorded  in  Appendix  A. 

V.  Discussion. 

Ih  terms  of  the  standard  screening  lengths  the  resultsfor  the  M.1. 
are  fairly  consistent  for  each  observer:  but  from  a comparison  of  the 
sasulta  for  the  two  observers,  the  screening  length  assessments  are  in 
the  ratio  of  about  2:1,  7<hile  this  is  no  doubt  due  to  a difference  in 
eyesight  or  standard  of  vision  the  fact  that  no  method  of  standardising 
observers  for  aerial  viewing  has  yet  oeen  found  possible,  precludes 
adjustment  of  the  results  by  means  of  a correction  factor, 

When  the  E19R1  Generator  is  considered  the  variation  in  results  from 
one  trial  to  another  with  the  3ome  oil  and  even  with  the  3amo  observer  is 
disturbingly  large,  No  explanation  can  be  given  for  this  (the  Generator 
appeared  to  function  normally  throughout  the  tests)  and  the  best  that 
oan  bo  done  is  to  report  the  average  of  the  results  for  each  oil. 

In  addition,  and  in  order  that  the  performance  of  the  E19R1  Generator 
mty  be  compared  directly  with  that  of  the  Apparatus,  Oil  &ooke,  No.3,Mk  1, 
tne  relevant  figures  for  efficiency  vhen  each  Generator  is  compared  with 
the  Generator,  Smoke,  Mb  chan  leal,  M.1,  have  been  brought  together  in  Table  1. 
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Table  1 


Screening  Efficiencies  of  the  E19R1  and 
C.S,  No.  3 Generators  -.vhen  conpared  (vertical  viewing) 
rrj th  the  Lil.  Generator. 


SIOKS  o rL 
USED 

SCRSEKISG  EFTICIENCy  (£) 

El.  9 R1  i w*  j ■ ixO  3 

G.P.  FOG  OIL 

67 

77 

POOL  DEUEL  OIL 

56 

U9 

VI  Conclusion. 

It  is  concluded  from  the  results  that  the  E19R1  Generator  using 
&.P.  Fog  Oil  gives  a screen  -.ditch  is  about  of  that  given  by  the 
M.1,  Generator  using  the  sene  aaiour.  t of  G.P.  Fog  Oil  and  that  the 
ratio  falls  to  about  p6)i  if  Pool  Diesel  Oil  is  employed  in.  the 
E19R1  Generator. 

VII  Aokncrwledgeuent 

The  ass lattice  afforded  by  J.I.P.  Jones  of  the  Ifeteorologiool 
Section  is  gratofully  acmcnvl edged. 


(Sgd. ) S.H.  PETER, 
Koad,  Engineering  Section. 

(Sgd,  ) PEACOCK, 

RBSS/JAH  Supt.,  Develop  rant  Division. 
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The  Performance  Testing  of  the  S.19R1 
Mechanical  Smoke  Generator 

$2 


Ko  Sinclair  and  RaS»Ea  Stubbs 

sums? 

The  performance  of  the  American  S.19R1  Mechanical  Sacks  Generator 
has  been  assessed,  with  a view  to  determining  to  what  degree  it  meets 
the  War  Office  User  Requirement  for  a mechanical  oil  smoke  generator. 

Prom  the  results  of  the  trials  carried  out  it  may  be  concluded 
that  the  Generator  fails  to  meet  the  War  Office  User  Requirement  in 
a number  of  important  respectso  It  has  failed  to  withstand  both  the 
mechanical  performance  and  climatic  Cycle  testa  to  which  it  n&s  been 
submitted,  and  the  a area  ns  produced  when  employing  either  General 
Purpose  Fcg  Oil  or  Pool  Diesel  Oil  are  inferior  in  length  to  those 
produced  by  both  the  Generator  Smoke  Mechanical  M«2  and  the  Apparatus 
Oil  Smoke  No,3,  MkJ. 


(Sgd.)  S.Ho  Fry er0. 
Head,  Engineering  Section, 


K5/RIE5/PHF . 


(Sgdc)  A0CS  Peaoook,, 
Supt, , Development  Division.? 
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The  Performance  Testing  of  the  E.19R1  Mechanical 


Smoke  Generator 


Sinclair  and  R.B.3.  Stubbs 


I.  Introduction 


In  response  to  a request  fra:  the  War  Office  the  E.19R1  Mechanical 
Smoke  Generator,  an  American  equipment  operating  on  the  pulse  jet 
principle  has  been  subjected  to  tests  with  the  object  of  determining 
to  what  degree  its  performance  neats  the  War  Office  User  Requirement 
for  a mechanical  oil  smoke  generator. 


The  results  of  the  tests,  which  were  designed  to  ascertain  the 
operational,  functional  and  mechanical  reliability  cf  the  Generator  and 
its  efficiency  as  a moke-producing  unit,  are  reported  herein. 

II,  Description  and  Mode  of  Operation 

Tha  E.19H1  unit  is  a pulse  jet  smoke  generator,  which  is  designed 
to  operate  at  variable  smoke  outputs  from  25-50  U.S.  gal/hr.  Its 
empty  weight  is  approximately  137  lb.,  and  its  dimensions  are  length, 
40",  height,  23"  and  width,  l6.5:’  =• 

The  complete  unit  is  illustrated  in  Pigs.  1,  2 and  3» 

Tha  unit  oonsists  cf  a petrol  tank,  pulse  jet  engine  and  exhaust 
assembly,  ignition  assembly,  smoke  oil  assarbly  and  air  pump.  The 
petrol  tank,  which  has  a capacity  of  Ut>S.  gal.,  is  mounted  within  a 
welded  tubular  frame  (Fig. 4)5  The  engine  and  exhaust  assembly  are 
anoased  ir.  an  insulated  cylindrical  shell  which  is  mounted  below  tha 
petrol  tank  (Pig.5)«  This  assembly  comprises  a combustion  chamber  and 
exhaust  tube  (Fig.S),  and  engine  head  unit  (Pig. 7) » The  ignition 
system  oonsists  of  a foot  operated  switch,  two  6-volt  dry  batteries  and 
a coil  and  spark  plug  assembly. 

To  start  the  pulse  jet  engine  a rrivbure  of  petrol  (gravity  fed  from 
the  petrol  tank)  and  air  (provided  by  the  hand  operated  air  pump)  is 
injected  into  the  combustion  chamber  and  ignited  by  means  of  a spark. 
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The  pressure  developed  by  the  subsequent  explosion  keeps  the  intake 
valve  dosed  and  causes  the  hot  eases  t.  seek  escape  via  the  exhaust 
tubes  As  the  gases  neve  toward  the  exhaust  tube  opening  and  away 
free  the  potals  on  the  intake  valve,  the  pressure  is  lo->vered  and  the 
petals  are  drawn  opens  A partial  vacuum  is  developed  near  the  petals, 
which  induoes  atmospheric  air  to  flow  through  the  venturi  on  the  engine 
head  and  ever  the  flow  ejectors  As  the  air  passes  ever  the  flow  ejector, 
it  draws  another  charge  of  petrol  into  the  combustion  chamber  end  a 
further  explosion  takes  place.  The  igniting  spark  is  required  only 
for  the  initial  explosion,  succeeding  charges  being  set  off  by  the 
rolling  or  propagating  ef  flame  back  and  forth  in  the  combustion  chamber. 
The  cyde  or  frequency  of  explosions  is  sixty  per  second.  To  stop  the 
Generator  it  is  first  necessary  to  out-off  the  oil  supply  and  to  allow 
the  engine  to  race  until  smoke  omission  ceases.  At  this  point  the  angina 
is  stopped  by  momentarily  squeezing  the  petrol  supply  pipe  between  the 
flow  ejector  and  the  engine  head. 

The  smoke  oil  assembly  consists  of  a quick-opening  oil  valve,  oil 
flow  needle  valve,  oil  filter  and  hose,  automatic  shut-off  valve  and 
drum  dip  pipe.  The  dip  pipe,  to  tho  o-utlet  end  of  tfdch  a quid  - 
opening  oil  valve  is  fitted,  makes  an  air-tight  connection  Then  screwed 
into  tho  smoko  oil  drum,  A connecting  tube  between  the  top  of  the 
oil  drum  and  the  oxibustion  chamber,  ensures,  once  the  engine  has  started, 
that  the  drum  becomes  pressurized  tc  a gas  pressure  of  about  10  lb./sq»in. 
The  rate  of  flow  of  the  smoke  oil  is  regulated  by  a needle  valve.  In 
addition  to  this  valve  there  are,  in  the  smoke  oil  line,  a quick -opening 
gate  valve  and  on  automatic  shut-off  valve,  the  latter  closing  Then  the 
engine  stops.  The  automatic  shut-off  valve  is  of  the  pressure  actuated 
diaphragm  type,  When  operation  censes  the  prossure  in  the  oil  drum, 
being  greater  than  the  pressure  in  tre  combustion  chamber,  causes  this 
valve  to  close  automatically. 

Or.  being  injected  into  the  exhaust  tube,  tho  smoke  oil  is  immediately 
vapourised  by  the  heat  from  the  combustion  chamber,  The  vapour  so 
produoed  then  passes  through  the  di 3 charge  manifold  into  the  air,  expands, 
gives  up  heat  and  finally  condenses  as  minute  droplets  of  oil.  An  example 
of  tho  smoko  oloud  produced  by  the  generator  is  illustrated  in  Fig*8, 

III*  Generators  employed  ir.  the  tests 

Five  B.19H1  Mechanical-  Smoke  Generators,  Serial  Nos.  10,  41,  42,  43 
and  44,  were  male  available  for  the  tests. 

IV.  Operational  ._F_uncticr.al  ar.d  Mechanical  Performance  Tests 

The  following  tests  have  been  carried  cut  on  one  or  other  of  the 
generators  referred  tc  in  Section  III, 

A.  Preliminary  functioning  test, 

B,  100 -hr,  continuous  functionin'-  test. 

G.  Accelerated  mechanical  strength  test. 

D,  Accelerated  climatic  cycle  test. 
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The  objects  of  this  test  wore  threefold: = 

1 o to  provide  the  British  operators  with  an  opportunity  of  making 
themselves  familiar  with  the  layout  of  the  lo19R1  Generator, 

20  to  enable  the  British  operators  to  acquire  the  technique  necessary' 
to  ensure  operation  of  the  generator  at  maximum  efficiency,  and 

3,  to  determine  the  operational  reliability  ■£  the  generator  viien 
alternative  smoke— producing  oils  tiro  employed. 

The  test,,  vhich  was  performed  or.  Generator  Serial  ho.  1C,  took  the 
form  of  a period  of  37  hours  of  discontinue  ns  functioning  during  'which, 
either  General  Purpose  Fog  Oil  or  Diesel  Oil,  was  employed  as  the  scoke- 
produoing  agent,  A record  of  the  occurrence  and  frequency  of  Dedianioal 
fail  urea,  xhe  measures  adopted  to  overcome  these  failureeand  the  suggestions 
male  for  improvement  ir.  both,  the  component  pajrts  of  the  generator  and  the 
tools  provided  for  use  with  it,  was  maintained  through  the  test.  This 
record  is  reproduced  ir.  Appendix  A, 

The  British  operators  found  the  Generator  comparatively  simple  to 
operate  at  maximum  efficiency  and  there  would  appear  to  be  no  reason  why' 
British  troops  v&c  have  beer,  trained  to  operate  the  Apparatus, Oil  Smoke, 
No,3,  ICc.l , should  not  be  able  to  operate  the  3.19R1  Gonerator,  after  a 
short  period  of  instruction.  The  time  from  a cold  start  to  omission  of 
smoko  was  found,  under  good  conditions  (i.o.  full  drum  of  smoko  oil  of 
low  viscosity)  to  be  loss  than  one  minute.  It  was  ascertained  also 
that  smoke  production  oould  be  terminated  within  20  seconds  and  restarted 
without  any  apparent  effect  on  the  generator.  When  sot  to  maximum  out- 
put the  Generator  functioned  automatically  until  such  t xajO  cuo  the 
of  smoke  oil  became  empty.  It  will  be  appreciated  that,  due  to  the 
layout  of  the  smoke  oil  feed  systoe,  it  is  necessary  to  shut  the  Generator 
down  while  the  dip  pipe  and  pressure  line  are  transferred  from  the  empty 
tc  the  full  drum.  During  the  test  it  was  observed  that,  on  some  occasions 
whan  the  generator  was  closed  down  after  a period  of  operation,  flames 
appeared  at  the  emission  nozzles. 

The  Generator  performed  satisfactorily  on  both  General  Purpose  Fog 
Oil  and  Pool  Diesel  Oil,  the  mean  rates  of  consumption  at  the  maximum 
setting  being  as  follows: - 

General  Purpose  Fog  Oil  30  Imperial  gal./hr. 

Pool  Diesel  Oil  41  Imperial  gal./hr. 

Since  the  viscosity  of  G*P,  Fog  Oil  at  60^.  is  1,112  Redwood  Seconds 
and  that  of  Fool  Diesel  Oil  42  Redwood  Seconds,  the  low  throughput 
recorded  when  the  former  oil  is  employed  as  the  smoko-producing  agent, 
is  undoubtedly  duo  to  its  more  yisoous  nature.  The  mean  consumption 
of  petrol  during  the  test  was  Imperial  gal./hr,  Ar.  attempt  to  employ 
pool  Fuel  Oil  as  the  sooke-pnoduoir.g  agent  failed  completely,  Ir.  the 
first  test  the  resistance  offered  by  the  oil  filter  tc  the  oil  flow  was 
such  that  the  rate  of  consumption  foil  to  a very  low  level.  For  the 
second  test,  therefore,  the  oil  filter  was  by-passed,,  Even  this  tost 
had  tc  be  abandoned  after  c.  short  period,  however,  owing  to  the  excessive 

amount  of  carbon  dep:sitei  ir.  the  exhaust  tube  end  the  emission  nozzles. 
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1ASLS  1. 

Resets  of  the  "Bump11  Seat 


1 Time 

i 

From  Zero 
min. 

1 

1 

Results 

f 

Zero 

) 

| 

1 

Test  comer. ced.  ! 

1 

i Z + 5 

L_  . . 

Flow  meter  became  loose  in  its  case  (Fig.  20), 

1 

| Z + 8 

Pressure  gauge  needle  dropped  off  itB  pivot  (Fig*2l), 

Z + 13 

i 

Petrol  tank  sustained  a fracture  (Fig*  22)  and  contents 
drained  out. 

Z + ? 

(Stop  w&tah 
failed) . 

Petrol  pipe  connection  to  float  chamber  broke  off  at 
the  coupling  (Fig.  23) • 

Z + 20 

i 

Tost  completed. 

Since,  owing  to  the  failure  of  the  petrol  supply,  it  was  not  possible 
to  function  the  Generator  at  the  er.d  of  the  test,  it  was  dismantled  and 
submitted  to  a thorough  examination  which  revealed  the  foil  eying  faults:  - 

1,  The  float  bowl  assembly  had  worked  loose. 

2,  The  flexible  petrol  pipe  had  developed  a fracture. 

3,  The  glasswocl  constituting  the  lining  had  settled  into  the  lower 

portion  of  the  shell  (Fig.  2h) . 

The  loosening  of  the  flow-oeter  in  its  case  (see  Table  1)  could  be 
readily  overcome,  by  cementing  the  retaining  screws  in  position. 

D«  Accelerated  CUaatio  Cycle  lest 

The  test,  which  was  performed  on  Generator,  Serial  No.  i+4,  consisted 
of  submitting  the  unit  to  the  following  tests: - 

(i)  Visual  Inspection  and  Perfcroanoe. 

(ii)  Dry  Heat  (first  test), 

(iii)  Damp  Heat  (first  test). 


SSGRST-DI3  GREET 


SECRET "PI  SCrLSS  T 


(iv)  Low  Temperatures 

(v)  Damp  Heat  (second  test)  o 

(vi)  Dry  Heat  (seoond  test)o 

(vii)  Damp  Heat  (third  test). 


(viii)  Visual  Inspection  and  Performance. 

(lx)  "Driving  Hair."  Test. 

Owing  to  restrictions  on  the  use  of  the  climatic  chambers  available, 
it  was  r.ot  possible  to  make  smoke  during  the  'exposure^  end  tests  were 
confined  to  operation  cf  the  engine  only,  for  short  periods. 


(i)  Visual  Inspection  and  Performance  Test 

In  this  test  the  Generator,  following  a visual  inspection, 
was  operated  for  ten  minutes,  The  result  was  satisfactory  and 
the  unit  appeared  to  be  in  normal  ruining  order, 

(ii)  Dry  Heat  (first  test) 

The  Generator  was  stored  in  a Hot  Chamber  at  a temperature 
of  55°C.  + 1°C.  (131^F«)  for  a period  of  ei$it  hours. 

The  angina  was  operated  for  three  periods  of  three  minutes  each. 

Operation  cn  each  occasion  was  satisfactory  with  the  exception 
that  engine  pulsations  were  somewhat  unsteady.  It  was  also 
observed  that  during  these  brief  periods  of  operation,  a blue 
flame  played  round  the  petrol  inlet  to  the  engine  head, 

(iii)-  Panto  Heat  (first  test) 

The  Generator  was  stored  in  a Hot  Chamber,  at  a temperature 
of  40°C.  + 1°C.  (iCh°F.)  and  a relative  humidity  cf  at  least  35%* 
for  a period  of  twelve  hours.  During  this  tine  the  engine  was 
operated  for  three  periods  of  three  minutes  each.  During  the 
first  period,  which  followed  the  charging  of  the  petrol  tank  with 
petrol  at  normal  temperature,  the  engine  f ’unction  satisfactorily. 
During  the  second  and  third  periods  cf  operation,  however,  when 
the  petrol  had  reached  the  ambient  temperature  of  the  chamber, 
the  uneven  pulsation  cf  the  engine  again  became  evident. 

(iv)  Lew  Temperature  Test 


As  soon  as  Test  (iii)  had  been  completed  the  Generator  was 
placed  in  a Cold  Chamber,  at  a temperature  cf  ~4Q°C*  +,  ) 

for  a period  of  twelve  hours.  During  the  exposure  the  engine  was 
operated  for  three  periods  each  cf  three  minutes  duration.  At 
Che  first  attempt  the  Generator  failed  to  start  for  the  following 
reasons: - 

(a)  The  "snap-cn"  air  connector  would  not  clip  on  to  its 
male  oomeoticn. 
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(b)  The  batteries  registered  a voltage  cf  only  3 volts0 

( c)  Ice  collected  cn  the  earth  button  at  the  base  of  the 

"Stan-Test”  coil,  thus  insulating  this  component  from 
the  frame. 

Ir.  addicicr.,  rhu  petrel,  eil  and  air  pipos  had  become  hard  and 
stiff o The  patrol  pips,  which  is  af.de  of  plastic  materiel,  had 
hardened  to  such  nr.  extent  thr.t  it  could  not  be  r.movud  free  the  petrol 
Jet. 

.■With  regard,  tc  ( o)  r.bcva  it  should  be  pointed  out  that  removal  of 
idle  Generator  from  the  dr  asp  atmosphere  cf  the  Hot  Chamber  directly  into 
the  Cold  Chrmbcr,  may  have  giver,  rise  to  conditions  favouring  the 
formation  cf  ice  on  tha  earth  button  at  the  base  of  tho  "Stan-Test”  coil. 

After  the  old  batteries  ht.d  boon  replaced  by  now  ones  (?r.  operation 
mr.de  difficult  by  virtuo  of  tlx:  hardening  of  the-  plastic  covered  oables) 
the  ioo  broker,  ttvy  from  the  earth  button  and  a supply  of  warn  air  was 
mr.de  available  in  the  region  cf  the  or.  g:nc  head.  The  engine  of  the 
Generator  was  then  op crated  fer  throe  minutes  during  which  period  it 
functioned  sttisf  .ctorily,  It  could  only  be  stopped,  however,  by 
closing  the  potrol  cock.  During  the  second  and  thr.rd  periods  of 
operation,  for  both  cf  which  a supply  of  ware  'dr  to  vapourise  tree-  petrol 
was  made  available,  tha  angina  functioned  normally. 

(v)  Damp  Heat  (second  test) 

On  the  completion  of  Test  No. 4 the  petrol  was  drained  from  the 
petrol  tank  and  the  Generator  was  returned  to  the  Damp  Heat  Chamber 
for  a period  of  12  hours.  The  tank  was  then  charged  with  petrol 
at  normal  temperature  aixl  the  engine  wn.3  functioned  for  a period 

_ 1 A - U _ J.  J,  _ _ . J.  J~  - — _ X ATU  £ _ £ —A.  - — h 4 A. 

ULUr'Os?  . Cil/I/U.1^0  lAu)  j»  <U>  to  4SW.4VVA  a.  U 

wa a found  necessary  tc  remove  the  engine  head  and  replace  it  by  a 
new  head  beftere  functioning  oould  be  recommenced.  A photograph 
of  the  faulty  head  is  reproduced  in  Figure  25.  Following  the 
fitting  of  the  new  head  three,  three  minute  periods  of  operation 
were  carried  out,  during  which  uneven  pulsation  of  the  engine 
was  again  evident. 

(vi)  Dry  Heat  ( second  test) 

Repeat  of  Test  No, 2.  The  first  three  minute  period  of  operation, 
during  which  petrol  at  normal  temperature  was  used,  was  satisfactory. 
Further  attempts  to  run  the  engine,  failed,  however,  in  that  the 
engine  would  start  and  than  3top.  Since  this  was  presumed  to  be 
due  to  the  fact  that  by  this  time  the  petrol  had  reached  the  ambient 
tanperature  of  the  chamber,  the  generator  was  removed  from  the 
chamber,  allowed  tc  cool  down  and  operate  ir.  the  open  air.  Operation, 
under  these  conditions,  was  completely  satisfactory, 

(vii)  Damp  Heat  ( third  test) 

Repeat  of  Test  No,  5.  The  first  three  minute  period  of 
operation,  using  petrol  at  normal  temperature,  was  satisf actoryP 
At  the  ocmnencemert  of  the  second  period,  however,  when  the 
temperature  of  the  petrel  had  reached  the  ambient  temperature 
of  the  chamber,  the  engine  fired  tack  through  the  head  and  the 
petrel  vapour  from  the  float  chamber  vent  caught  fire0  Before 
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the  flames  could  be  extinguished  the  leads  to  the  flowmeter 
had  igrdtedo  Further  attempts  to  run  the  engine  failed^in  that 
the  engine  would  start  and  then  stop  Immediately  afterwardso 

(viii)  Visual  Inspection  and  Performanoe 

At  the  ocunplation  of  Test  No. 7 the  Generator  was  returned 
it o the  Dry  Heat  Chamber  far  a period  sufficient  to  ensure  that 
the  machine  would  be  thoroughly  dried  cut,  A visual  inspection 
of  the  component  parts  of  the  unit  was  then  made  and  the  machine 
was  operated  in  the  open  for  a period  of  ten  minutes.  No  fault 
could  bs  found  end  the  Generator  operated  satisfactorily.  A 
photograph  of  the  Generator  as  it  appeared  at  the  oompletion  of 
teats  (i)  to  (viii)  is  reproduoed  in  Fig. 26, 

(ix)  "Privies  Rain"  Test 

The  Generator  was  placed  in  a chamber  fitted  with  eight  water 
sprays  arranged  to  simulate  the  effect  of  "driving  rain”.  The 
machine  was  subjected  to  the  test  tar  1 hour.  Throughout  this 
period  the  Generator  was  continuously  rotated  (at  between  12  and 
20  r.p.m.)  about  a vertical  axis  passing  through  the  centre  of  the 
equipment  and  the  centre  of  the  chamber.  At  the  end  of  the  exposure 
period  an  attempt  was  made  to  operate  the  engine  while  still  subjected 
to  the  "driving  ratin'1 . Although  the  engine  started  satisfactorily 
it  stopped  again  almost  immediately.  Since  thin  was  thoup&t  to 
be  due  to  water  entering  the  emission  nozzles  the  "driving  rain" 
playing  on  the  anissj.cn  nozzles  was  turned  off  and  a further  attempt 
was  made  to  start  the  engine.  Although  the  engine  started  readily 
it  stopped  again  within  one  minute  owing  to  water  having  percolated 
through  the  engine  head  cover , 

V,  3 or coning  Efficiency  Trials 

1,  Object 

The  object  of  the  trials  was  to  determine  the  relative  efficiency  of 
the  3.1?R1  Generator { as  a smoke-producing  unit,  when  compared  with  the 
Generator,  Sbcke,  Mechanical  M,1  (the  "Esso"), 

2.  Procedure 

A number  of  trials  were  carried  cut  with  each  of  the  following  smeke- 
pnoduoir.g  cilsj- 

(a)  General  Purpose  Fog  Oil  (to  CS3.28C9A) . 

(b)  Pool,  Diesel  Oil  (Pool  21,  Diesel  Fuel,  45  Cetane). 

In  all  teats  the  M.i  Generator  was  operated  on  General  Purpose  Fog 
Oil,  its  output  being  adjusted  (as  far  as  possible)  so  that  the  screens 
produced  by  both  generators  were  of  a comparable  length.  For  each  smoke 
emission,  screening  lengths  were  measured  at  half  minute  intervals  over  a 
period  of  about  half  an  hour.  Screen  heights  were  measured  by  theodolite 
at  two  minute  intervals.  The  observation  points  were  at  flank  positions 
estimated  to  be  about  1000  yards  from  the  end  of  the  screen  and  so  placed 
that  the  end  of  the  screen  was  viewed  as  near  to  the  perpendicular  as 
possible. 
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Ten  trials  ware  attempted  between  18c2o52  and  12.10.52  of  which 
eigjit  were  successful  (trials  2 and  3 and  5 to  10).  The  sareening 
lengths  used  in  the  results  were  all  measured  by  the  same  observer  andp 
except  for  trials  3 and  7f  were  all  viewed  from  high  ground  against  a 
fairly  level  backgrounds  Trials  3 and  7 were  viewed  free  low  ground 
against  rising  background.  Wind  speeds  and  directions  at  2 metres  were 
measured  near  the  source  of  scissioni  the  temperature  gradients  were 
obtained  from  the  records  at  the  Meteorological  Station  in  O.D.EeB. 

During  each  emission  the  temperature  of  the  smoke  oil  used  in  the  E.19R1 
was  measured  and  recorded*  These  temperatures  together  with  the  correspond- 
ing oil  viscosities  are  shewn  in  Appendix  C, 

3.  General  Observations 

The  significant  paints  arising  during  individual  trials  are  noted 
belowj  absence  of  concent  indicates  satisfactory  functioning  and 
satisfactory  assessment  of  sareening  lengths. 


Trial  1 * The  E.19R1  gave  an  above  average  sareening  length  under 

good  meteorological  conditions.  The  M.1  developed  a number 
of  minor  mechanical  faults  and  as  a result  the  screen  produced 
was  abnormal. 


Trial  2.  Rather  large  variations  in  screening  lengths  wore  observed 
throughout  the  trial,  especially  with  the  M.1,  The  wind 
was  on  the  light  side  for  good  assessment. 

Trial  A.  In  this  trial  there  were  large  differences  between  the  observer 
and  the  screen  for  the  two  screens  and  both  screens  were 
observed  obliquely.  The  assessment  was  not  included  in  the 
teault s , 

Trial  6.  Screen  heights  were  above  average  due  tc  the  wind  being  lighter 
and  the  lapse  stronger  than  normal  for  the  series. 


4*  Results 


Details  of  the  lengths  and  heights  of  the  sareens  produced,  the  smoke 
oil  used,  the  rate  of  consumption  of  oil  and  the  relevant  Meteorological 
observations  are  given  in  Appendix  D. 

( a)  Horizontal  Screening  Lengths 


Deacon  has  shown  in  P.R.2734,  para,  5^,  that  for  white  oil  smokes 
over  land,  the  screening  length,  S*L.  is  giver,  by  the  expression 


SL< 


:«»0-6  tr 


.8  ,u*0 

(H-1) 


0.4 


where  Q a souroe  strength  i . lb, /min. 

U n 2 metre  wind  speed  in  m.p.h. 

R a ratio  of  2 metre  to  1 metre  wind  speed, 
d = distanoe  of  smoke  from  observer  in  yards. 


Per  trials  with  G.P.  Fog  Oil  in  both  generators  the  standard  screening 
lengths  SLs,  have  been  calculated  for  Qs  b 4. 7 (the  mean  consumption  rate 
of  oil  in  the  E.19R1  for  trials  1 to  6),  For  trials  with  diesel  oil  in 
the  E.19R1  and  G,?.  Fog  Oil  in  the  M.1,  a Qs  of  5»8  (the  mean  consumption 
rate  of  oil  in  the  S.19R1  fer  trials  7 to  10)  has  been  used.  The  ether 
standards  used  throughout  in  the  calculations  ware: - Us  = 10;  Rs  = 1014> 
and  dg  = 10O0o 
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The  value  of  R in  all  oases  has  "bean  calculated,  from  the  2 metre 
wind  speed  and  the  23  ft0  - k ft0  temperature  gradient  (P8Re  2372  and 
FcZo  271 7)  c 

(i)  Standard  Screening  Lengths  for  the  E.19R1  and  M.2  operating 
on  OoP,  Fog  Oil, 

Prom  five  trials  (l,  2,  3?  5 and  6)  the  mean  SL3  for  the 
E.19R1  at  Qs  a 4.7  is  370  yards  and  free:  four  trials  (2,  3, 

3 and  6)  the  mean  SLa  for  the  M»1  for  the  Bane  Qa  ia  490  yards. 
Thus  the  efficiency  of  the  E.19R1  relative  tc  th2  M.I.,  both 
using  G.P.  Pog  Oil  is  about 

(ii)  Standard  Screening:  Lengths  for  the  E.19R1  and  M.2  operating 
on  Pool  Diesel  Oil  and  GoP.  Fog  011.  respectively. 

From  four  trials  (7  to  10)  the  mean'  3Lg  for  the  E.19R1 
is  270  yards  and  for  the  M,1  52C  yards,  both  at  Qs  = 5«8« 

Thus  the  efficiency  of  the  E.19R1  using  Pool  Diesel  Oil 
relative  to  the  M.1  using  G4P,  Fog  Oil,  is  about  5^« 

JThe  mean  SLa  far  the  M.  1 for  all  trials  included  in  the 
ta,  reduced  to  Qa  a 15  is  960  yards,  a figure  which  is 
in  agreement  with  that  found  in  the  comparative  trials  of 
the  Apparatus,  Oil  Smoke,  N0.3,  Mk.1  reported  in  P.I.P.  No«232. 
In  the  latter  trials  the  mean  SLa  for  the  M.1  at  Qa  u 15  was 
given  as  94C  yards  .j 

(b)  Heights  of  Screens 


Eei^it  neasureiaents  at  estimated  nid-points  of  tfie  observed  screens 
ware  made  by  theodolite  from  the  observing  positions.  EVom  these 
measurements  and  using  Fig.11  of  Monograph  9.208,  the  estimated,  heights 
at  100  yards  and  200  yards  have  beer,  calculated  and  recorded  in  Appendix 
D»  The  figures  for  the  estimated  heights  at  100  yards  from  the  source 
are  not  as  reliable,  exce..  for  trials  2 and  7,  as  these  for  200  yards. 
The  heights  have  not  been  standardised  for  output  and  meteorological 
conditions  and  the  higher  mean  heights  of  series  (i)  below  compared  with 
series  (ii)  may  be  accounted  for  mainly  by  the  generally  higher  winds 
in  series  (ii) . 

(i)  Screen  Heights  for  the  S.19R1  and  the  K,1  operating  on  G.P, 

Fog  Oil. 

Prom  the  mean  of  trials  2,  3,  5 and  6 the  height  of  the  E.19R1 
screen  at  a distance  of  300  yards  from  the  source  is  afi  ft.  compared 
with  60  ft,  for  the  M.1. 


(ii)  Screen  Heights  for  the  S.19R1  and  the  Mai  operating  on  Pool 
Diesel  Oil  and  G»P,  Fog  Oil,  respectively. 

The  mean  height  of  the  E.19R1  screen  at  a distance  of  200  yards 
from  the  source  is  34  ft.  acapared  with  42  ft,  for  the  M.1  generator. 
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5,  Discussion 

It  will  ,be  appreciated  free  an  examination  of  the  measurements 
recorded  in  Appendix  C that  the  difference  in  the  sear,  throughputs 
when  GoPc  Fog  Oil  and  Pool  Diesel  Oil  are  employed.  is  largely  due 
to  the  more  viscous  nature  of  the  former  oil. 

In  order  that  the  performance  of  the  EolSSHi  Generator  may  be 
compared  directly  with  that  of  the  Generator* Smoke,  Mechanical,  M02(3esler 
50  UoSd  gal.)  and  the  Apparatus,  Cii  Smoke,  Nc«3,  Mk.1 , the  relevant  figures 
for  the  screening  lengths  ’produced  under 'standard  conditions  by  each 
generator,  have  been  brought  together  in  Table  2, 

TABLE  2, 

Horizontal  Screening  Lengths  produced-,  under  standard 
conditions,  by  the  M.2..  S.19R1  and  A.C.S.  No. 3. 

Mechanical  Smoke  Generators. 


! Smoke  Oil 
used 

Horizontal  Screening  Length 

_ 

M.2  | B.19E1 

A.0.SJfc.3 

G.P,  Fog  Oil 

1 

;eo  i 370 

780 

! Pool  Diesel  Oil 

a 1 270 

400 

— 1 

a No  reliable  figure  available, 

6,  Further  Trials 

Trials  to  determine  the  length  of  the  screens  produced  by  the 
E.19R1  whan  such  screens  are  viewed  vertically,  are  in  hand.  The 
results  of  these  trials,  when  available,  will  be  reported  as  an  addendum 
to  the  present  report, 

VI.  Performance  of  the  S.19R1  in  relation  to  the  War  Office  User  Requirement 

An  appraisal  of  the  degree  to  which  the  performance  of  the  E.19R1 
Generator  meets  the  War  Office  User  Requirement  for  a mechanical  oil 
aavke  generator,  is  given  in  Appendix  E, 

VII.  Con cl us ions 

It  is  concluded  from  the  results  that  the  E019R1  Generator  fails  tc 
meet  the  War  Office  User  Requirement  for  a mechanical  oil  smoke  generator 
in  a number  of  important  respects.  It  has  failed  to  withstand  both 
the  mechanical  performance  and  climatic  cycle  tests  to  which  it  has 
been  submitted  and  the  screens  produced  when  employing  either  General 
Purpose  Fog  Oil  or  Pool  Diesel  Oil  are  inferior  in  length  to  those 
produced  by  both  the  Generator,  Smoke,  Mechanical,  K, 2 and  the  Apparatus, 

Oil  Smoke,  No. 3,  Mk.i, 
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Preliminary  functioning  Test  - Reoord  Sheet 


1 c During  tha  test  three  petal  valves  failed  after  working  periods  of 
30  hours,  4 hours  and  ^ hours,  respectively, 

2,  The  joint  on  the  flow  ejector,  at  that  point  where  the  air  connection 
joins  the  petrol  metering  jet  holder,  fractured  during  the  early 
stages  of  the  test0  A repair  was  effected  by  the  application  of 
brazing  0 

3*  TShsn  operating  the  generator  in  the  field  great  difficulty  was 
experienced  in  recoving  the  oil  filter  froc  its  holder.  The 
difficulty  was  due  entirely  to  the  inaccessibility  of  the  filter 
holder. 


4«  On  attempting  to  replace  the  filter  cartridge  in  its  holder,  it 

was  found  that  only  with  considerable  difficulty  could  the  large 
diameter  spring  on  the  anfl  of  the  filter  cartridge,  be  coaxed 
into  the  holder.  It  was  also  observed  that  the  screw  thread  an 
the  filter  body  tube,  which  is  of  a fine  pitch,  readily  became 
arose -threaded  during  re-assembly  operations. 


5.  It  was  observed,  whan  functioning  the  generator,  during  a spell 

of  cold  weather,  that  ice  feroed  in  the  pressurising  valve  assembly, 
The  provision  of  a wind  shield  i3  indicated. 


6.  Constant  trouble  was  experienced  with  the  smoke  oil  flowmeter  due 
to  both  the  breaking  of  tha  electrical  leads  and  the  condensation, 
of  moisture  within  the  meter  iteelfi  It  is  reccriDerded  ■Hint  a 
more  robust  meter  be  fitted. 


7«  During  the  test,  information  was  received  to  the  effect  that  the 

10  m/a.  sparking  plug  is  to  be  replaced  by  a 14  m/a.  plug,  Ifhile 
endorsing  this  action  it  is  recommended  also  that  a more  robust 
type  of  waterproof  "snap  -on"  ocnnection  be  fitted  to  the  H.T.  lead, 

8,  Difficulty  was  experienced  in  operating  the  two  locking  levers  on 

the  "Evertitd"  coupling  on  the  dip  pipe  bead,  and  it  is  recommended 
that  these  levers  be  lengthened, 

9,  It  was  observed  that  the  brass  ferrules  ou  the  neoprene  oomecticn 

between  the  float  diamber  and  the  metering  jet,  readily  became 
detached,  A more  positive  connection  is  desirable. 

10,  As  a result  of  tha  test  the  following  recommendations  are  made 
in  respect  cf  tire  tools  supplied  with  the  generator:  - 

(a)  that  the  bung  wrench,  which  is  inefficient  be  redesigned, 

(b)  that  the  engine  head  wrench  be  replaced  by  two  separate 

spanners;  or.e  for  the  head  locking  ring,  the  other  for  the 
head  itself.  The  provision  of  two  such  spanners  will  enable 
the  operator  to  ensure  that  the  starting  pump  fitting  is  located 
in  the  "down"  position  when  the  engine  head  is  locked. 

( c)  that  two  "positioning"  holes  be  drilled  ir.  the  engine  head  and 

a twe-nir.  spanner  be  provided,  sc  that  the  petal  valve  can  be 
properly  located  before  being  locked  in  position. 
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Screening  STficlenov  Teats  or.  the  E«19R1  jiBohanioal 
Saoke  Generator. 
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The  generator  must  be  a self-contained  unit  capable  The  unit  is  self-oorrtainod  and  oar.  be  operated,  frora 

of  being  mounted  in  standard  post-war  vehicle  a including  a vehicle  ar  from  the  ground.  No  tests  to  determine 

the  jeep  ond  jeep-trailer.  it  must  bo  able  to  operate  whether  or  not  it  can  bo  mounted  in  Army  iyohicdesj  have 

from  a vohicio  or  from  the  ground.  been  carried  out. 
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Suppressors  should  be  fitted*  Suppressors  are  not  required, 


FIG  8 EI9PI  MECHANICAL  SMOKE  GENERATOR 
- TYPICAL  SMOKE  SCREEN  . 

"T  w. 


FIG.  JO.  EI9RI  MECHANICAL  SMOKE  GENERATOR 
- PETAL  VALVE  WHtCHFAlLED  AFTER  A 
WORKING  PERIOD  OF  42  HOURS. 


FIG.il  EI9RI  MECHANICAL  SMOKE  GENERATOR 


— PETAL  VALVE  WHICH  FAILED  AFTER 
A WORKING  PERIOD  OF  HOURS. 


~ ct 


E:  19  ri  mechanical  smoke  generator 


fig  1Z  DEPOSITION  OP  CARBON  INSIDE  THE! 
SHELL  END- PLATE. 


FIG  13  DEPOSITION  OF  CARBON  INSIDE 
THE  SHELL 


FK5.I4,  £>9»l  MECHANICAL  SMOKE  GENERATOR 
” DEPOSTDON  OF  CARBON  INSIDE  THE 
exhaust  tube.  C — 


RG.  15  E19R1  MECHANICAL  SMOKE  GENERATOR 

- 0£ POSITION  OF  CARSON  ON  THE  INSIDE 


OF  THE  ENGINE  HEAD  ( 


PIG  16  EI9RI  MECHANICAL  5MOKE  GENERATOR 


FIG  17  EI9RI  MECHANICAL  SMOKE  GENERATOR 
- DEPOSITION  of  carbon  inside  the  shell 


FIG.  19  EI9RI  MECHANICAL  SMOKE  GENERATOR 

- DEPOSITION  OF  CARBON  IN  THE  PRESSURIZING  VALVE- 


- FLOWMETER  AFTER  “BUMP"  TEST  C NOTE  THE  SCREWS.) 


FIG.  21  EI9RI  MECHANICAL  SMOKE  GENERATOR 
- PRESSURE  GAUGE  AFTER  “BUMP*  TEST 
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FIG  24  EI9RI  MECHANICAL  SMOKE  GENERATOR 
~~  POSITION  OF  GLASS  WOOL  LINING  AT 
THE  COMPLETION  OF  THE  "BUMP"  TEST 


FIG.  26.  EI9RI  MECHANICAL  SMOKE  GENERATOR 
-APPEARANCE  AT  THE  END  OF  THE 
CUMATlC  CYCLE  TESTS. 
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